We demonstrated that a single copy of insertion sequence ISPme1 can mobilize adjacent segments of genomic DNA of Paracoccus methylutens DM12, which leads to the generation of diverse transposable elements of various size and DNA contents. All elements (named transposable modules [TMos]) contain ISPme1 (placed at the 5 ends of the elements) and have variable 3-end regions of between 0.5 and 5 kb. ISPme1 was shown to encode an outwardly oriented promoter, which may activate the transcription of genes transposed within TMos in evolutionarily distinct hosts. TMos may therefore be considered to be natural systems enabling gene capture, expression, and spread. However, unless these elements have been inserted into a highly conserved genetic context to enable a precise definition of their termini, it is extremely difficult or even impossible to identify them in bacterial genomes by in silico sequence analysis. We showed that TMos are present in the chromosome and plasmids of strain DM12. Sequence analysis of plasmid pMTH1 (32 kb) revealed that four TMos, previously identified with a trap vector, pMEC1, comprise 87% of its genome. Repeated TMos within pMTH1 may stimulate other structural rearrangements resulting from homologous recombination between long repeat sequences. This illustrates that TMos may play a significant role in shaping the structure of natural plasmids, which consequently may have a great impact on the evolution of plasmid genomes.
Sequencing projects have revealed that bacterial genomes are not static, monolithic structures. They can contain a number of different kinds of integrated mobile genetic elements (e.g., transposable elements, plasmids, bacteriophages, and integrative and conjugative elements) acquired by lateral gene transfer.
Insertion sequences (ISs), which are the simplest forms of transposable elements (TEs), are components of nearly all bacterial genomes. To date, more than 1,500 ISs have been identified in over 295 bacterial and archaeal species (21) . The transposition of ISs promotes structural changes in DNA that lead to the formation of various mutations (insertions, deletions, inversions, translocations, and replicon fusion). These elements are therefore considered to be the major recombinogenic factors in bacterial genomes. Their activity results in the shuffling of genetic information among various replicons present in a bacterial cell (chromosomes, plasmids, and bacteriophages), which may ultimately enable its spread by lateral gene transfer. These elements thus play the role of a factor that significantly enhances variability and, consequently, the adaptive and evolutionary capacities of their hosts.
ISs have a very simple structure, since they carry only the genetic information necessary for their own transposition. Most ISs encode only a single gene for transposase (Tnp) bordered by inverted repeats (IRs), the sites for Tnp binding and action (7) . However, ISs are also able to form composite transposons, which consist of random segments of genomic DNA, bordered by a pair of ISs. The transposition of these transposons is initiated by the interaction of the IS-encoded transposase with the extreme IRs flanking the complete element. Interestingly, it has recently been reported that during the transposition of just a single copy of an IS, resistance genes adjacent to the IS can also be translocated (19, 28) . In addition, it has been shown that the IS231 transposase is able to mobilize segments of genomic DNA of Bacillus cereus that are bordered by naturally occurring sequences resembling the IRs of IS231 (8). The above-described examples provide evidence that ISs can efficiently enrich the pool of mobile DNA, which may have a great impact on lateral gene transfer and the evolution of bacterial genomes. Due to the great diversity of IS-mediated TEs, it is not possible to distinguish them in bacterial genomes simply by classical in silico sequence analyses. For this reason, various entrapment vectors have been used for the identification of functional TEs. These are convenient tools, enabling the direct identification of even phenotypically silent elements (4, 16, 23) . In this report, we present the characterization of "atypical" transposable elements "captured" by entrapment vector pMEC1 (4) in a methylotrophic bacterium utilizing dichloromethane, Paracoccus methylutens DM12 (Alphaproteobacteria) (10) . We also show that these elements are generated frequently and that their activity is able to significantly shape the structures of genomes of plasmids naturally occurring in this strain.
MATERIALS AND METHODS
Bacterial strains, plasmids, and culture conditions. The bacterial strains and plasmids used in this study are listed in Table 1 . P. methylutens DM12 (10) was the host strain of the analyzed TEs. The related strain Paracoccus pantotrophus KL100 (2) was used for ␤-galactosidase assays and for analysis of transposition activities of transposable modules (TMos). Escherichia coli TG1 was used for plasmid construction, and strain DH5⌬lac was used for ␤-galactosidase assays. All strains were grown in Luria-Bertani (LB) medium (20) at 30°C (Paracoccus sp. strains) or 37°C (E. coli). Where necessary, the medium was supplemented with antibiotics at the following concentrations: 50 g ml Ϫ1 kanamycin, 50 g ml Ϫ1 rifampin, and 20 g ml Ϫ1 (E. coli) or 1 g ml Ϫ1 (Paracoccus spp.) tetracycline. Paracoccus spp. formed colonies on solid medium after 48 h of incubation.
Plasmid construction. Plasmids used in this study are listed in Table 1 . Entrapment vector pCM132TC was constructed by PCR amplification of the tetA gene of pMEC1 (primers LTETMET [5Ј-GTGGATCCGGATGGGCAGTGA TAGAGAA-3Ј] and RTETMET [5Ј-TGGCATGCTTCCTGGATGCCGACGG ATT-3Ј] [introduced restriction sites for BamHI and SphI are underlined]) and subsequently cloning the promoterless gene into BclI and SphI sites within the lacZ reporter gene of promoter probe vector pCM132. Entrapment vector pEBB10 was constructed by cloning an XbaI-EcoRV DNA fragment (containing the sacB gene) derived from plasmid pDS132 into compatible sites in pBBR1MCS-3. The pMTH4::pABW12 cointegrate was constructed by (i) cloning of a 0.7-kb HindIII restriction fragment of pMTH4 (contains part of a type A TMo) into the compatible site of vector pABW1 (E. coli specific; unable to replicate in Paracoccus spp.), (ii) introduction of the resulting suicide plasmid, pABW12, from E. coli TG1 into strain DM12 by conjugation, and (iii) selection of Km r clones containing pMTH4::pABW12 cointegrates, which arose by means of homologous recombination.
Plasmid DNA isolation. Plasmid DNA was isolated using a standard procedure (6) and, when required, purified by CsCl-ethidium bromide density gradient centrifugation. Megaplasmid visualization was achieved by in-gel lysis and DNA electrophoresis according to a method described previously by Wheatcroft et al. (31) . Total DNA from P. methylutens DM12 was isolated by phenol extraction (32) . Common DNA manipulation methods were performed as described previously by Sambrook and Russell (20) .
DNA-DNA hybridization. Molecular probes specific for all classes of individual types of transposable modules of P. methylutens DM12 were prepared by PCR amplification of DNA fragments of TMos directly adjacent to ISPme1. The primer pairs used were (i) LATYPE (5Ј-AAGGTTGGCTTTCTCGGGTT-3Ј) and RATYPE (5Ј-CCAGCTTGAGGTCCTTCAG-3Ј) (type A), (ii) LBTYPE (5Ј-GGCCGATCTCGACGACTGA-3Ј) and RBTYPE (5Ј-TCCATGTATCGC AGGTCGCA-3Ј) (type B), (iii) LCTYPE (5Ј-GCGGAAATTGAGCTGGCGT-3Ј) and RCTYPE (5Ј-TGACACACTCATCTGGCTAC-3Ј) (type C), and (iv) LDTYPE (5Ј-CCGGACCATTACCATGAACA-3) and RDTYPE (5Ј-GATAC AGGATGAGCGCGGA-3Ј) (type D). The amplified DNA fragments were labeled with digoxigenin (DIG) (Roche). Hybridization and visualization of bound DIG-labeled probes were carried out as recommended by the supplier.
Introduction of DNA into bacterial cells. DNA was introduced by triparental mating (into P. methylutens DM12 and P. pantotrophus KL100), transformation (into E. coli strains), or electroporation (into P. pantotrophus KL100) as previously described (11) .
Assay for ␤-galactosidase activity. ␤-Galactosidase activities in E. coli DH5⌬lac and P. pantotrophus KL100 were measured by the conversion of o-nitrophenyl-␤-D-galactopyranoside into nitrophenol as described previously by Miller (17) . Assays for ␤-galactosidase activity were repeated three times.
Sequence analyses and annotation. Nucleotide sequences of ISs, TMos, pMTH1, and pMTH4 were determined using a dye terminator sequencing kit and an automatic sequencer (ABI 377; Perkin-Elmer). A combination of vectorderived primers and primer walking was used to obtain the entire nucleotide sequences. Similarity searches were performed using the ISFinder (http://www .ncbi.nlm.nih.gov/) and the BLAST (1) programs provided by the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/).
Nucleotide sequence accession numbers. The nucleotide sequences of ISPme1, ISPme2, TMo(ISPme1)C1, TMo(ISPme1)D1, and pMTH1 have been submitted to the GenBank database under accession numbers EF585233, EU016112, EU016113, EU016114, and EU043115, respectively.
RESULTS
Identification of TEs of P. methylutens DM12. The shuttle entrapment vector pMEC1 (Km r ) carries a selective cartridge composed of a silent tetA gene under the control of the pR promoter of bacteriophage and the gene coding for the CI repressor. Inactivation of the repressor gene (e.g., through the insertion of a TE) results in the constitutive expression of tetracycline resistance. Vector pMEC1 was introduced into P. methylutens DM12, and Tc r clones were selected on LB medium supplemented with tetracycline at a frequency of 4.4 ϫ 10 Ϫ5 . The plasmid pattern of 100 Tc r clones was analyzed, and the sizes of the inserts were estimated by restriction analysis (data not shown). Three classes of plasmids were distinguished, carrying (i) potential ISs (inserts of Ͻ3 kb) (47% of tested plasmids), (ii) putative transposons (inserts of Ͼ3 kb) (39% of plasmids), and (iii) point mutations (plasmids of the size of pMEC1) (14% of plasmids). The locations of the TEs within the cI gene of pMEC1 were confirmed by PCR using a set of cartridge-specific primers, as previously described (4). ISs of P. methylutens. Detailed restriction and hybridization analyses led to the identification of three different ISs entrapped in pMEC1 (data not shown). One was the previously described ISPpa2 of P. pantotrophus DSM 11072 (4), while the remaining two were novel ISs. Analysis of their nucleotide sequences permitted the identification of (i) the Tnp gene(s), (ii) IRs, and (iii) the target sequence, which was duplicated (direct repeats [DRs]) upon insertion (summarized in Table 2 ). The novel elements were designated ISPme1 and ISPme2, and comparison with the ISFinder database revealed that they are members of different IS families: IS1380 (ISPme1) and IS5 (ISPme2).
Transposable modules. The sizes of the putative transposons were highly variable. To determine whether these putative transposons represented composite transposons generated by the above-mentioned ISs, hybridization analysis was performed. Isolated DNA of the pMEC1 derivatives carrying the putative transposons was probed with DIG-labeled internal fragments of ISPme1, ISPme2, or ISPpa2, respectively. All the plasmids gave a positive hybridization signal exclusively with the ISPme1-specific probe (data not shown). To reveal the genetic organization of the "transposons," the nucleotide sequences of 16 randomly chosen elements were determined. All the elements had similar but atypical structures. They were composed of a single copy of ISPme1 (always placed in the same orientation at the 5Ј end of the elements) with adjacent DNA fragments of lengths varying from 0.5 kb to 5 kb (called 3Ј-end DNA regions) encoding genes conserved in the chromosomes of many bacteria (Fig. 1) . Colocalization of ISPme1 and the transposed 3Ј-end regions in the DM12 genome was confirmed by PCR analysis (data not shown).
These observations strongly suggest that this group of P. methylutens transposable elements has arisen as the result of the ISPme1-mediated mobilization of large DNA segments adjacent to the IS primary target site. Insertion of these elements into the selective cartridge resulted in the generation of AT-rich 5-bp DRs (data not shown), which confirms the acquisition of these elements as a result of transposition events.
We analyzed a pool of approximately 200 elements identified with pMEC1 in several independent experiments. These diverse elements have been classified into different types and classes (Fig. 1) . Within a given type, all the TEs carried homologous DNA segments adjacent to ISPme1, although the lengths of these segments varied in individual elements (size classes within a type). Interestingly, some of the identified elements were identical but had inserted at different sites in the selective cartridge (data not shown). As a result of our analyses, we distinguished four types of ISPme1-mediated TEs, designated types A, B, C, and D (Fig. 1B) , and in each type, we identified different classes. We propose to name these diverse elements TMos and to designate them, e.g., TMo(ISPme1)A1, for transposable module class 1 of type A generated by ISPme1 (Fig. 1A) .
Localization of TMos in the P. methylutens genome. To examine the localization of the TMos in the P. methylutens DM12 genome, hybridization analysis was performed. Four probes specific for each type of TMo were hybridized with (i) DNA of two plasmids naturally occurring in the host strain, pMTH1 (32 kb) and pMTH4 (22 kb), and (ii) DNA of two megasized replicons, pMTH2 (approximately 200 kb) and pMTH3 (Ͼ650 kb), visualized by in-gel cell lysis and electrophoresis. We detected TMos of type A in pMTH1, pMTH4, and pMTH2 and TMos of type B in all tested replicons. TMos of types C and D were absent in the plasmids, which suggests their chromosomal localization (data not shown). Plasmids pMTH1 and pMTH4 appeared to contain several copies of integrated TMos, as judged by restriction analysis (data not shown), which suggested that these elements might significantly influence the structure of plasmid genomes. Insight into pMTH1 structure. In order to define the TMos of pMTH1, the complete nucleotide sequence of this plasmid was determined. It consisted of 31,999 bp with an average GC content of 64.1%, which is close to that of the P. methylutens chromosome (67%) (10) . pMTH1 was predicted to encode 27 putative open reading frames (ORFs) (Fig. 2A) . A summary of the predicted ORFs, including their positions, the sizes of the encoded proteins, and their closest homologs, is presented in the supplemental material.
Interestingly, sequence analysis revealed that the DNA region of pMTH1 coding for putative replication and stabilization systems was identical to the previously analyzed minireplicon of coresiding plasmid pMTH4 (24) . The replication system of pMTH1/pMTH4 comprises a rep gene coding for replication initiation protein and an iteron-like origin of replication and enhancer, which is necessary to maintain the correct plasmid copy number (25) . The only stabilization system of pMTH1/pMTH4 consists of two genes and is based on the toxin-and-antitoxin principle (24) .
Comparative analysis of the nucleotide sequences of pMTH1 and TMos "captured" by pMEC1 revealed that four TMos [three classes of the A type, TMo(ISPme1)A6, TMo (ISPme1)A7, TMo(ISPme1)A8, and one of the B type, TMo (ISPme1)B6] comprise 87% of the plasmid genome ( Fig. 2A) . Among the TMos of type A, only one [TMo(ISPme1)A7] contains a complete copy of ISPme1. TMo(ISPme1)A8 carries only the terminal part of the IS; no putative remnants of the absent proximal part of the IS were identified in pMTH1. On the other hand, ISPme1 of TMo(ISPme1)A7 was disrupted by the transposition of TMo(ISPme1)B6 ( Fig. 2A) , which led to the generation of 5-bp repeat sequences (DRs) flanking the inserted element. TMo(ISPme1)A7 contains the longest 3Ј-end DNA region of 8,303 bp.
We also detected the proximal part of a putative IS within pMTH1 (77% identity to ISPme2, identified in this study), which was most probably disrupted upon the transposition of TMo(ISPme1)A6 (Fig. 2A) . However, the terminal part of this IS is not present in the pMTH1 genome.
Structure of plasmid pMTH4. Analysis of the complete nucleotide sequence of pMTH4 (22,025 bp) revealed that the whole plasmid is identical to part of pMTH1 (Fig. 2) . This plasmid therefore represents a deletion derivative of pMTH1, most probably the result of homologous recombination between two TMos of type A, present in the same orientation within pMTH1 [TMo(ISPme1)A6 and TMo(ISPme1)A7]. Such a recombination event would result in the loss of a region of pMTH1 containing a terminal part of the 3Ј end of TMo (ISPme1)A7 as well as the complete ISPme1 of TMo (ISPme1)A6, which are both lacking in pMTH4 (Fig. 2B) . Therefore, TMo(ISPme1)A6/A7 of pMTH4 has a hybrid structure containing a 3Ј-end DNA sequence identical to that of TMo(ISPme1)A6 and the truncated IS of TMo(ISPme1)A7 (Fig. 2) . Plasmids pMTH1 and pMTH4 are incompatible and are randomly segregated upon cell division, since it was possible to obtain individual clones containing either pMTH1 or pMTH4 (data not shown).
Generation of hybrid TMos. pMTH4 contains only one potentially functional module, TMo(ISPme1)B6, which is also present in pMTH1 (Fig. 2) . To exclude the possibility that the generation of TMos in P. methylutens DM12 is a host-specific phenomenon, we tested the transposition of these elements in P. pantotrophus KL100, a strain that does not contain ISs homologous to ISPme1 (as judged by DNA-DNA hybridization analysis) (data not shown).
A plasmid cointegrate composed of cryptic pMTH4 joined to Km r plasmid pABW12 (unable to replicate in Paracoccus spp.) was constructed in strain DM12 (see Materials and Methods for details). The pMTH4::pABW12 fusion was introduced by electroporation into strain KL100, carrying an entrapment vector, pEBB10 (Tc r broad-host-range vector pBBR1MCS-3 containing the sacB gene of Bacillus subtilis). The expression of sacB is lethal for the bacterial host in the presence of sucrose (5, 12) . This allows the direct selection of sacB mutants (e.g., carrying inserted TEs), whose growth under these conditions is not affected. The sacB gene serves, therefore, as a cassette enabling the positive selection of transposition mutants. A culture of KL100 cells carrying both plasmids was plated onto LB medium containing sucrose and grown overnight, and approximately 200 colonies were selected. A detailed analysis of plasmids isolated from several randomly chosen clones revealed that the analyzed TMo was able to transpose from pMTH4::pABW12 into the sacB gene of pEBB10. As expected, different classes of TMos could be distinguished. All these elements were bordered by 5-bp-long DRs. Although most of the TMos were shorter than TMo(ISPme1)B6, we also identified a longer element [designated TMo(ISPme1)B8 (6.5 kb)] with a mosaic structure. Its 3Ј-end region carried an additional DNA segment from pMTH4 (933 bp) directly adjacent to the 3Ј terminus of TMo(ISPme1)B6 (Fig. 2B) . In subsequent experiments, we also showed that the captured TMos of type B were able to transpose from one entrapment vector (pEBB10 insertion derivatives) into another (pMEC1) in the KL100 strain lacking pMTH4::pABW12 (data not shown).
The above-described experiments showed that the transposition of TMos is not restricted exclusively to strain DM12, and it is not dependent on the presence of plasmids pMTH1 and pMTH4. The results also provided evidence for the generation of hybrid TMos, whose 3Ј-end DNA regions were composed of DNA segments acquired during successive transposition events.
Transcriptional activation by ISPme1. The highly conserved orientation of ISPme1 within TMos suggests the possibility of the activation of transcription of downstream genes by ISencoded promoter(s). To identify the promoter(s), DNA sequences upstream and downstream of the ISPme1 transposase gene were separately amplified by PCR and inserted into a promoter probe vector to generate transcriptional fusions with a promoterless lacZ reporter gene. Two test vectors were used for the analysis: pRS551 (specific for E. coli) and pCM132 (functional in Paracoccus spp.). The resulting plasmid constructs were introduced into the appropriate hosts (E. coli DH5⌬lac or P. pantotrophus KL100), and ␤-galactosidase activity assays were used to examine promoter strength. The results suggested that ISPme1 encodes two promoters (func- VOL. 190, 2008 TRANSPOSABLE MODULES GENERATED BY ISPme1 3309 tional in both tested hosts), termed P 1 , a weak promoter for the transposase gene (␤-galactosidase activity of 97 Ϯ 2.1 Miller units), and P 2 , an outwardly oriented strong promoter (␤-galactosidase activity of 14,500 Ϯ 1,500 Miller units) located close to the right IR (IRR) of ISPme1. The localization of the promoters is shown in Fig. 3 . To prove that the P 2 promoter can activate the transcription of downstream genes in vivo, a novel entrapment vector, pCM132TC, containing a promoterless tetracycline resistance gene, tetA, inserted within the lacZ gene of promoter probe vector pCM132 (Km r ) was constructed (see Materials and Methods for details). pCM132TC was transferred into P. methylutens DM12, assuming that the transposition of ISPme1 upstream of the tetA gene might initiate its expression, resulting in tetracycline resistance in cells carrying such mutated plasmids. As anticipated, Tc r clones were obtained (at a frequency of 5 ϫ 10 Ϫ7 ), four of which (randomly selected) were analyzed in detail. Only one of the tested pCM132TC derivatives appeared to carry ISPme1 alone, inserted 713 bp upstream of the ATG start codon of the tetA gene. In the other clones, we found TMos inserted in an orientation enabling the activation of transcription of the resistance gene from P 2 of ISPme1. However, the possibility that the 3Ј-end regions of the TMos contained additional promoter sequences cannot be excluded. Two of the transposed TMos were of type D [TMo (ISPme1)D7 (742-bp-long 3Ј-end region) and TMo(ISPme1)D6 (177-bp-long 3Ј-end region)], and one was of type C [TMo (ISPme1)C6 (725-bp-long 3Ј-end region)] (Fig. 1) . The TMos were inserted 318 bp, 73 bp, and 234 bp, respectively, upstream of the ATG start codon of the tetA gene. Interestingly, TMo (ISPme1)C6 was identical to the element previously "captured" by pMEC1.
DISCUSSION
In this study, we have demonstrated mobilization by a singlecopy IS (ISPme1) of segments of genomic DNA adjacent to the IS primary target site. These ISPme1-mediated TMos were identified in P. methylutens DM12 by transposition into entrapment vector pMEC1. We have shown that the transposition of these elements is not a rare phenomenon but occurs in strain DM12 even more frequently than the transposition of the ISPme1 itself.
The DNA content of TMos depends on the location of ISPme1 in the host genome, and their sizes are highly variable. For these reasons, the genetic information carried by TMos is much more diverse than is the case for regular transposons. Additionally, we showed the possibility of the in vivo generation of elements, which contain hybrid 3Ј-end regions, composed of DNA segments captured from the primary and then secondary target sites. Such hybrid TMos can potentially contain combinations of genes captured from different locations in the genome, which (when transposed into other mobile elements, e.g., plasmids) may be propagated by lateral gene transfer.
We found that the outwardly directed P 2 promoter of ISPme1, which is functional in Paracoccus spp. (Alphaproteobacteria) and in E. coli (Gammaproteobacteria), is able to activate the transcription of downstream genes. Therefore, this broad-hostrange promoter can ensure efficient transcription of TMo- encoded genes in evolutionarily distinct hosts. It is noteworthy that within TMos identified in P. methylutens, several of the "passenger" genes are placed in an orientation to enable their transcription from the P 2 promoter (Fig. 1 ). This promoter is located close to the IRR of ISPme1; therefore, it should promote gene expression even in truncated or disrupted elements, which have lost their transposition activities. This is the case for two TMos located in plasmid pMTH1 [TMo(ISPme1)A7 and TMo(ISPme1)A8], which contain only the terminal parts of ISPme1 together with the intact P 2 promoter. Based on a comparative analysis, ISPme1 has been classified within the IS1380 family, which is comprised of only 17 elements (ISFinder database). Although little is known about transposition of these elements, it has been shown that one of them (ISEcp1) is able to transfer an adjacent ␤-lactamase gene (bla CTX-M ) by transposition in a manner similar to that of ISPme1 (19, 28) . In addition, detailed inspection of the nucleotide sequence surrounding another member of the IS1380 family (IS1247) identified a putative TMo, which has been inserted into the conserved ereA2 gene cassette of an integron harbored by plasmid pMPDHA of Klebsiella oxytoca (30) . This predicted TMo (3.9 kb) is bordered by 4-bp DRs and contains IS1247 (placed analogously to ISPme1 in TMos of P. methylutens) followed by two ORFs coding for a putative aminoglycoside acetyltransferase and rifampin ADP-ribosyl-transferase, respectively (30) . Another example comes from studies described previously by van der Ploeg et al. (29) , who fortuitously identified large inserts of chromosomal origin transposed into residing plasmid pPJ20 in Xanthobacter autotrophicus GJ10. Sequencing of the termini of these elements (6 to 10.5 kb) revealed the presence of only one terminal copy of IS1247 (IS1380 family). These putative TMos were surrounded by 4-bp DRs, representing a trace of their transposition activities.
These examples strongly suggest that the ability to generate TMos is not limited to ISPme1 but is shared by other members of the IS1380 family. When we consider that these ISs might be present in a large number of copies in the host genome (e.g., Acetobacter pasteurianus carries approximately 100 copies of IS1380) (26) , it seems highly probable that the transposition of TMos and possible TMo-mediated DNA rearrangements might be a significant factor influencing the structure of bacterial genomes. Unfortunately, none of the completely sequenced bacterial genomes is rich in IS1380-like elements. On the other hand, it should be kept in mind that unless TMos have been inserted into a highly conserved genetic context so that their termini can be defined, it is extremely difficult and often impossible to distinguish such diverse elements in bacterial genomes by classical in silico sequence analysis. For this reason, the identification of functional TEs using entrapment vectors may result in many unexpected and interesting findings even when carried out in bacteria whose genomes have been fully sequenced.
So far, the proposed molecular mechanism of generation of TMos by ISPme1 has been based on assumptions alone. We observed that after the transposition of TMos into pMEC1 (followed by a spontaneous loss of the TMo-containing entrapment vector), the hybridization patterns of the TMos were identical to those observed in wild-type strain DM12 (data not shown). This indicates that the copies of the transposed elements remain intact at their original positions within the host genome, which suggests the replicative transposition of TMos. This supposition needs to be experimentally confirmed by further detailed studies.
It is probable that TMos are generated by a process called one-ended transposition, which may produce different random endpoints at one end of the transposed element. Such a mechanism has been described for members of the IS91 family (5), which were also shown to be able to generate TMo-like elements (28) . As shown by Mendiola et al. (15) , the IRs of IS91 play a different role in the transposition of this element. The left IR (IRL) seems to be dispensable for transposition; therefore, derivatives of IS91 lacking the IRL were capable of efficient one-ended transposition at frequencies similar to that of wild-type IS91 (15) . Similar results were obtained for IS1294 (IS91 family member), where an intact copy of the element was able to transpose genes adjacent to its IRL frequently (IS1294 transposed at a frequency of approximately 10 Ϫ4 , while TMolike elements were detected at a frequency of 10 Ϫ6 to 10 Ϫ5 ). Thus, in this case, the degree of nonrecognition of the IRL by transposase was calculated to be between 1 and 10% (27) . In the case of ISPme1, the calculated value was 80%, since we have shown that the generation of TMos occurs in strain DM12 more frequently than does transposition of ISPme1 itself (39% of analyzed pMEC1 mutants carried TMos, while only 10% contained ISPme1 alone).
The above-described data show that in general, the frequency of generation of TMos by ISPme1 is in agreement with the frequency of one-ended transposition events detected for the elements of the IS91 family. However, since the IS1380 and IS91 families vary in many of their properties, the mechanism for the mobilization of genomic DNA might not be common. It is possible that the ISPme1-encoded transposase might mistakenly recognize genomic sequences, which are functional analogs of the IRR of ISPme1 (Fig. 3A) . In support of this hypothesis, comparative analysis of the nucleotide sequences of the 3Ј termini of ISPme1 and of TMos did show some similarities, mainly in the location of short GC-rich and AT-rich regions (Fig. 3B) . Moreover, in our experiments, we have "captured" several identical TMos inserted into different entrapment vectors, which strongly suggests that the IRRs of these elements might not be randomly selected by the transposase. Further experiments are needed to elucidate the mechanism of transposition of ISPme1, which is essential for understanding the generation of TMos. This is an immediate goal of our future studies.
TMos were shown to reside within the chromosome and all plasmids (including megaplasmids) of P. methylutens. It is clear that the repeated transposition of TMos of the same type into a single replicon may stimulate other structural rearrangements resulting from homologous recombination between long repeat sequences. Depending on the orientation of the inserted elements, such recombination might potentially result in the deletion or inversion of DNA segments placed between the inserted TMos. We speculate that the former process led to a loss of an approximately 10-kb region of plasmid pMTH1, which resulted in the generation of the deletion derivative pMTH4.
Plasmid pMTH1 has a very unusual structure, with 87% of its genome composed of functional and truncated TMos. As shown in Fig. 2 , the genome of pMTH1 has been subjected to various insertions and deletions. As a result, the plasmid backbone is limited exclusively to replication and stabilization systems, which are absolutely necessary for its stable maintenance (25; unpublished results). These two systems are apparently the only remnants of an ancestor replicon whose structure remains a mystery. Plasmids pMTH1 and pMTH4 are spectacular examples of the significant role of TMos in shaping the structure of natural replicons of P. methylutens DM12, which may have great evolutionary implications.
In conclusion, the TMos described here may be considered to be natural IS-mediated systems for gene capture, expression, and spread, which may significantly enhance variability and consequently the adaptive and evolutionary capacities of their hosts. Their identification is a spectacular demonstration of how transposition and lateral gene transfer could have contributed to genome evolution in bacteria.
